Nearly full-length, small subunit (SSU) rRNA was transcribed in vitro from clones of SSU rDNA genes. Comparing the use of in vitro-transcribed and native rRNA indicated that, when in vitrotranscribed rRNA was used as a standard for quantitative hybridizations with oligonucleotide probes, the population was consistently underestimated. The population abundance was expressed as a percentage of specific target SSU rRNA (determined with a specific oligonucleotide probe), relative to the total SSU rRNA (measured with a universal probe). Differences in hybridization signals could be related to specific probe target locations and rRNA denaturation conditions, suggesting that higher order structure is important in quantitative membrane hybridizations. Therefore, in vitro-transcribed rRNA cannot always be used for the absolute quantification of microbial populations, but can be employed as a standard to quantify shifts in population abundance over time, and to compare community structure in various environments.
Introduction
The field of microbial ecology has changed dramatically with the advent of molecular tools, as evidenced by numerous studies of microbial community structure and population dynamics in natural and engineered environments [5] . Many of these studies use hybridizations with phylogenetically based oligonucleotide probes targeting rRNA sequences. A major advantage of these nucleic-acid-based techniques is that probes can be designed to target and detect uncultured organisms [7, 19] . However, the detailed characterization of probes and quantitative membrane hybridizations [26] require pure culture rRNA for optimizing hybridization conditions, for specificity studies, and for use as a quantitative standard. To address this problem, Ward et al. [35] suggested using rRNA transcribed in vitro from cloned rDNA genes, or from ribosomal cDNA (rcDNA) obtained via reverse transcription, to quantify uncultured organisms in the environment. Several studies have recently employed this method, or variations thereof. For example, DeLong and co-workers used cloned rDNA, directly, as standards to quantify uncultured Crenarchaeota and Euryarchaeota populations in marine picoplankton [7, 20] and nitriteoxidizing bacteria in aquarium biofilters [16] ; MacGregor et al. [19] used rRNA transcribed in vitro from cloned rDNA to determine the abundance of uncultured Crenarchaeota in Lake Michigan sediments; Harmsen et al. [13] quantified a novel syntrophic propionate-degrading organism, using cloned rDNA; and Guschin et al. [10] used in vitrotranscribed rRNA for ammonia-oxidizing bacteria in the validation of oligonucleotide microchips for determinative and environmental microbiology. These studies focused on microorganisms that were not available in pure cultures or were difficult to grow, and therefore did not explicitly demonstrate the validity of using cloned rDNA or in vitro-transcribed rRNA standards. Polz and Cavanaugh [25] recently described a preliminary evaluation of in vitro-transcribed rRNA and cloned rDNA for probe characterizations and quantitative hybridizations. They concluded that in vitrotranscribed rRNA can be substituted for native nucleic acids as a standard in quantitative hybridizations. Because of these conclusions and the apparent acceptance of the use of nonnative nucleic acid standards, we here present results to compare the use of in vitro-transcribed and native rRNA in probe characterizations and quantitative hybridizations.
This study focused on the use of in vitro-transcribed rRNA to quantify populations that grow only in co-culture with syntrophic partners. Oligonucleotide probes were recently developed to study population dynamics of syntrophic fatty-acid degrading organisms in anaerobic bioreactors [12-15, 21, 22] . Since these organisms generally grow only in co-culture with syntrophic partners, quantifying relative population abundance (expressed as specific rRNA over total rRNA) is difficult, because nucleic acids extracted from cocultures contain rRNA from methanogens or sulfatereducing bacteria. Some of these syntrophic organisms can grow alone on alternative substrates such as fumarate and crotonate [31, 36] , or can grow slowly while reducing sulfate [34] . However, in practice, it often remains difficult to obtain adequate amounts of high quality rRNA from these organisms. Since it can generate virtually unlimited quantities of extremely pure rRNA, in vitro transcription was evaluated as a possible solution to the lack of native reference rRNA.
Quantitative probe hybridizations generally require the use of a ''universal'' probe to normalize hybridization signals obtained with specific probes [26, 30, 37] . Thus, population (or specific SSU or large subunit [LSU] rRNA) abundance is expressed as a percentage of total SSU/LSU rRNA. The amounts of specific and total SSU/LSU rRNA are estimated using hybridization signals from titrations of a nucleic acid standard. This normalization approach is based on two fundamental assumptions (which are not evaluated in this study): (i) each SSU/LSU rRNA molecule has exactly one specific target site and one universal target site, and (ii) the rRNA standard, extracted from a pure culture, exhibits the same behavior during hybridizations as the rRNA extracted from environmental samples. In order for meaningful quantitative results to be obtained from hybridizations conducted with transcripts as the rRNA standard, these transcripts must be shown to behave the same as pure culture native rRNA.
Materials and Methods
The following organisms were employed in this study: Escherichia coli K12, Syntrophobacter fumaroxidans strain MPOB [32, Harmsen, H.J.M. 1996, PhD thesis, Wageningen Agricultural University), and Syntrophomonas wolfeii strain LYB [6, World Wide Web address http://nagual.ese.ogi.edu/ocm]. Syntrophobacter fumaroxidans MPOB, a mesophilic propionate-oxidizing bacterium, was originally grown syntrophically on propionate in co-culture with methanogens. It was later grown in pure culture on fumarate [32] . Syntrophomonas wolfeii LYB is a saturated fatty acid-beta-oxidizing bacterium capable of growing syntrophically with methanogens, or in pure culture on crotonate [36] . Native rRNA was extracted from pure cultures using a low-pH, hot-phenol, bead-beating method [28, 30] , with the following minor modifications: Phenol and phenol:chloroform solutions were buffered at pH 4.3, and nucleic acids were precipitated overnight at −20°C with one-half volume of 7.5 M ammonium acetate and two volumes of ethanol. Total rRNA concentrations in extracts without DNA were determined spectrophotometrically [8], while polyacrylamide gel electrophoresis (PAGE) was used to quantify total rRNA in nucleic acid preparations that contained DNA [2, 37] .
Transcripts were obtained using a method similar to the ones recently described by Polz and Cavanaugh [25] and Guschin et al. [10] . Genomic DNA was extracted from pure cultures of S. fumaroxidans MPOB and S. wolfeii LYB [29] , and the SSU rDNA gene was amplified with PCR using two standard primers (S-*-Bact-0011-a-S-17 and S-D-Bact-1492-a-A-21) [1, 17] . PCR was performed in 50 µl reactions with 1 × PCR buffer (Gibco BRL, Gaithersburg, MD), 2.0 mM MgCl 2 (Gibco BRL), 50 µM of each dNTP (Promega, Madison, WI), 400 pM of each primer, and 2.5 U of Taq polymerase (Gibco BRL). The PCR was carried out in a Model PTC-200 thermocycler (MJ Research, Inc., Watertown, MA), using an initial denaturing step of 4 min at 95°C, and then 30 cycles of 1 min at 92°C, 1 min at 55°C, and 1 min at 72°C. The amplified gene
In Vitro-Transcribed rRNA in Quantitative Hybridizationswas ligated into the pCR™2.1 vector and E. coli INV␣FЈ was transformed using the manufacturer's instructions (Invitrogen, San Diego, CA). Insert orientation and identity were confirmed by partial sequencing with the M13(-20) forward primer (Invitrogen). Sequencing was performed by the University of Illinois Biotechnology Center, Genetic Engineering Facility (Urbana, IL). Only plasmids with inserts that would produce sense RNA when transcribed with T7 RNA polymerase were used for in vitro transcription. Plasmids were linearized at a unique restriction site located ∼60 bp downstream of the inserted gene. Linearized plasmid was extracted with phenol-chloroform, precipitated with ethanol, and examined using 0.7% agarose gel electrophoresis. This verified that all of the plasmid was linearized and cut only once. RNA was transcribed in vitro using the purified linear plasmid and T7 RNA polymerase from the Ampliscribe Transcription Kit (Epicentre Technologies, Madison, WI). Transcripts were precipitated using 1 vol of 5 M ammonium acetate, according to the manufacturer's instructions, to recover transcripts free of DNA template and unincorporated NTPs, and were inspected using PAGE.
Hybridizations for temperature of dissociation (T d ) determinations were done using an elution method described earlier [27, 37] . Normalized wash curves were generated with native and in vitrotranscribed rRNA for probes S-*-Synb-0222-a-A-19 [14] , S-S-S.fum-0464-a-A-19 [14] , S-F-Synm-0700-a-A-23 [12] , and S-*-Univ-1390-a-A-18 [37] . Probe nomenclature was standardized according to the oligonucleotide probe database [1] . Quantitative hybridizations were conducted, as previously described [9, 26, 30] , with minor modifications. Unless otherwise noted, all samples and rRNA standards were denatured with 1.5% glutaraldehyde for 10 min, at room temperature (25°C); applied by slot-blotting, in triplicate, to Magna Charge membranes (Micron Separations, Inc., Westboro, MA); and hybridized with 32 P-labeled probes. Hybridization signals were quantified by PhosphorImaging (Molecular Dynamics, Sunnyvale, CA). In addition to the probes listed above, the following probes were used: S-D-Bact-0338-a-A-18 [4], S-*-Bact-0519-a-A-18 [24] , and S-*-Univ-0915-b-A-16 [23] .
Results and Discussion

Generation of Transcripts
Transcripts were inspected, using PAGE, to verify that (i) only RNA of the desired size was obtained (approximately 1,590 nucleotides) and (ii) DNA template was removed during the precipitation. PAGE of transcript preparations often showed an unknown nucleic acid band, apparently with a molecular weight higher than the molecular weight of the transcribed SSU rRNA (Fig. 1) . A band of this size did not appear in preparations of native rRNA. This was thought to be RNA generated via wrap-around transcription [33] , until the band disappeared when samples were denatured at 65°C (instead of 55°C) in 5 M urea for 2 min before loading onto the gel (Fig. 1 ). This observation may imply the existence of significant higher order structure before denaturation.
Transcripts for Use in T d Studies
T d studies performed with native and in vitro-transcribed rRNA for three specific probes (S-*-Synb-0222-a-A-19 [14] , S-S-S.fum-0464-a-A-19 [14] , S-F-Synm-0700-a-A-23 [12] ) resulted in no significant differences between the two forms of rRNA (Fig. 2) . MacGregor et al. [19] also refer to unpublished data indicating that T d values obtained with in vitrotranscribed rRNA and native rRNA are identical. These results contradict findings reported by Polz and Cavanaugh [25] , who determined that the T d obtained using a ''replicate slot method'' [27] was 2-3°C lower for native rRNA than the T d for transcribed rRNA of Vibrio anguillarum for probes S-D-Bact-0338-a-A-18 and S-S-V.ang-0219-a-A-20. Polz and Cavanaugh [25] were not able to explain the difference. They concluded that transcribed rRNA could be used to determine T d values because differences were relatively small. It is unclear what is responsible for the contradiction between our results and those of Polz and Cavanaugh [25] . The location of the probe target region in the rRNA molecule may be involved, as discussed below. Regardless, our results confirm that transcripts can be used to determine T d values when high quality rRNA from pure cultures is unavailable.
Transcripts for Use in Quantitative Hybridizations
An experiment was designed to directly evaluate the hybridization signals obtained with transcripts, as quantified using native rRNA from two sources. Dilution series (1.92, 4.8, 12, 30, 75 ng) of native E. coli rRNA and native strain MPOB rRNA were blotted in triplicate. The native E. coli rRNA dilution series was used to quantify samples (applied in triplicate) of native E. coli rRNA, native MPOB rRNA, and transcript MPOB rRNA for probes S-D-Bact-0338-a-A-18 and S-*-Bact-0519-a-A-18. Similarly, the native MPOB rRNA dilution series was used to quantify native and transcript MPOB rRNA using all five probes. The hybridization results are reported in Table 1 as normalized values. In theory, if each rRNA molecule (either native or transcript) has exactly one binding site for each probe (specific and universal), the ratio of masses determined by two different probes always should be 1.0 (see footnote in Table 1 ). This hypothesis forms the basis for the calculations used in quantitative membrane hybridization experiments; it appears to hold true for the native rRNAs, but not for the transcripts (Table 1) . For example, the quantification of transcript MPOB rRNA with native E. coli rRNA and probe S-D-Bact-0338-a-A-18 resulted in nearly twice the signal expected. Using the same probe, transcript MPOB quantified with native MPOB rRNA produced a response that was 1.62-fold greater than the anticipated signal. As can be seen in Table 1 , the relative hybridization signals for transcript MPOB rRNA obtained with the various probes differ considerably, but are all greater than 1.0.
This observation may be explained by one or more of the following hypotheses: (i) less universal probe is binding to transcript than to native rRNA, (ii) more specific probe is binding to transcript than to native rRNA, (iii) rRNA molecules (either native or transcript) may be fragmented or damaged, or (iv) the two kinds of rRNA bind differently to the membrane support.
With respect to the first hypothesis, it is possible that the target site for probe S-*-Univ-1390-a-A-18 (site 1390-1407 E. coli numbering) in transcripts is less stable than in native rRNA. SSU rRNA structural analyses imply some tertiary structure in this region [11] , which may contribute to the stabilization of probe-target duplexes. Although the glutaraldehyde denaturing step (1.5% glutaraldehyde, 10 min, room temperature) is thought to sufficiently denature rRNA before blotting [26] , it is possible that some higher order structure remains. Since transcripts contain a short plasmid sequence beyond the 1492 region (target for the antisense primer used during PCR), the higher order structure may not be present in the transcribed rRNA (see below), or this foreign sequence may interfere with probe binding. However, such a scenario should result in similar ratios for each combination of specific and universal probes. Since the ratios vary from 1.25 to 2.04 (Table 1) , this explanation is unsatisfactory. This conclusion was confirmed by performing a T d study with probe S-*-Univ-1390-a-A-18, using transcript and native MPOB rRNA, to compare the behavior of this probe with types of rRNA. Native E. coli was also included in the study. The results indicated that native and transcript rRNA behaved similarly at this target site, at temperatures below 56°C (Fig. 3) . Above 56°C, the transcript curve lies slightly below the two native rRNA curves, implying that this probe binds more strongly to the transcript than to the native rRNA. This is the opposite of what could be expected given the data presented in Table 1 . Regardless of the mechanism responsible for differences above 56°C, there was no discernible difference between native and transcript rRNA at the temperature range close to the wash tempera- In Vitro-Transcribed rRNA in Quantitative Hybridizationsture used for this probe (44°C [37] ). It also is unlikely that the discrepancy is due to incomplete transcription (absence of the 1390 region in some transcripts) or degradation of the 1390 region in transcripts. All results in Table 1 were obtained with the same dilution of transcript rRNA, so incomplete transcription or degradation of the 1390 site in transcripts would have resulted in the same ratio for each probe.
As Polz and Cavanaugh [25] suggested, modified bases in native rRNA could also be responsible for differences in probe binding. Post-transcriptionally modified nucleosides in RNA often are located in highly conserved, surfaceexposed, and single-stranded nucleotide sequences [18] . As more information becomes available on modified nucleoside function in rRNA structure, this explanation could be further investigated. Similarly, proteins or protein fragments, which may remain bound to native rRNAs even after extraction procedures, could mask target regions on native rRNA and interfere with probe binding. Finally, the higher order structure of transcript molecules may also differ from that of native rRNA, since transcripts are not full-length rRNA molecules. Because the PCR primers used to amplify the rDNA exclude some of the sequences at either end of the gene, any role played by the missing sequences in vivo was not realized during the formation of transcript rRNA. In conclusion, modified bases, ribosomal proteins, and sequences at either end of the molecule may be important in the formation and stabilization of higher order structures in native rRNA. These points are also considered in the discussion of the second hypothesis (see below).
The second hypothesis states that more specific probe is binding to transcript than to native rRNA. It implies there may be structural differences between native and transcript rRNA in regions other than the 1390 target site. The disappearance of the extra nucleic acid band observed during PAGE analysis of transcripts after treatment at stronger denaturation conditions (Fig. 1 ) may imply the existence of significant transcript higher order structure before denaturation. Differences in higher order structure would result in varying degrees of probe accessibility between the two types of rRNA; hybridization response ratios would differ from 1.0 (Table 1) , with magnitudes varying with the degree of accessibility. This hypothesis was further addressed by analyzing the effects of various denaturation conditions on quantitative hybridization results. Denaturing times, tempera- a Standard curves were constructed using native reference rRNA from E. coli or strain MPOB blotted in serial dilutions. Hybridization signals from each probe were quantified in terms of mass (ng) per slot using the specified standard curve. Values given in the table are mass-per-slot obtained using the specified probe, divided by the mass-per-slot obtained using probe S-*-Univ-1390-a-A-18. Example calculations: Raw hybridization signals obtained from dilutions of MPOB native rRNA and probe S-*-Univ-1390-a-A-18 were used to construct a standard curve with the regression macro in Microsoft Excel 5. The regression parameters were then used to calculate the mass of transcript blotted: mass transcript,1390 = 9.02 ± 0.66 ng. Note that this value is in terms of ''mass of native rRNA'' and is not affected by differences in molecular weight between native and transcribed rRNA. Raw hybridization signals obtained from dilutions of MPOB native rRNA and probe S-S-S.fum-0464-a-A-19 were then used to construct a standard curve. The regression parameters were used to calculate the mass blotted: mass transcript,0464 = 18.44 ± 2.06 ng. The two calculated masses were divided to obtain the value in tures, and glutaraldehyde concentrations were varied, as indicated in Fig. 4 , which presents the hybridization response ratios for probes S-S-S.fum-0464-a-A-19, S-*-Synb-0222-a-A-19, S-D-Bact-0338-a-A-18, S-*-Univ-0915-b-A-16, and S-*-Bact-0519-a-A-18 (calculated as described in Table 1 ). Figure 4 shows that, in general, stronger denaturing conditions resulted in higher hybridization response ratios, and the effects of denaturation conditions varied among the probes studied. The hybridization results obtained with probes S-S-S.fum-0464-a-A-19 and S-*-Synb-0222-a-A-19 were affected most by denaturation conditions; the effect was less dramatic for probes S-D-Bact-0338-a-A-18, S-*-Bact-0519-a-A-18, and S-*-Univ-0915-b-A-16. Since the target sites for these probes are distributed along the SSU rRNA molecule, and the molecule contains various degrees of higher order structure in different regions [11] , the target sites likely exhibit varying degrees of accessibility. In addition, if transcript rRNA has a different higher order structure, hybridization signals from various probes could reflect these differences between transcript and native rRNA. Therefore, structural differences between the two forms of rRNA may be caused by the presence of modified bases, residual proteins, or sequences at both ends of the native rRNA.
As indicated by the third hypothesis, fragmented or otherwise damaged rRNA molecules (either native or transcript) may also have contributed to the observed discrepancies. Transcript rRNA could be more susceptible to attack by RNases, either due to a lack of modified bases or the absence of protective proteins. However, the results of routine PAGE analysis (Fig. 1) and gel-extraction purifications conducted by Polz and Cavanaugh [25] indicate that this is probably not a significant source of bias, since degradation did not appear to be a problem.
Different affinities of native and transcript rRNA for the membrane support, as suggested by the fourth hypothesis, may partially explain the discrepancies, though differences in nucleic acid binding characteristics would likely be closely tied to site accessibility (and therefore to structural differences). Since native nucleic acid extracts contain nucleic acids other than the SSU rRNA (LSU rRNA and DNA), these non-target nucleic acids could effectively block some fraction of available sites, resulting in lower signals. Transcripts consist of only SSU rRNA; a larger number of target sites could conceivably be accessible to probes once the transcripts are bound to the membrane. However, normalization (expressing specific hybridization signal relative to signal obtained with probe S-*-Univ-1390-a-A-18) should eliminate this potential source of bias. A more thorough study on Table 1 . The standard hybridization protocol employs 1.5% glutaraldehyde for 10 min at room temperature to denature rRNA before blotting.
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Direct Comparison of Results Obtained with Environmental Samples
The relative abundances of target populations in environmental samples were also compared. They were determined using native and transcript rRNA as standards. Nucleic acids extracted from samples obtained from laboratory-scale anaerobic digesters were hybridized with several of the probes listed above [21, 22] . Since some samples contained high levels of co-extracted DNA, poly(A) was eliminated from the solution used to dilute denatured samples before blotting. This prevented saturation of the membrane with nucleic acid [3] . It was previously determined that the presence/ absence of poly(A) in dilution water did not affect hybridization signals [3] . Total nucleic acids blotted per slot were generally less than 60 ng, well below the nucleic acid saturation level for Magna Charge membranes estimated at 150 ng per slot [3] . An analysis of 38 samples taken at different times during anaerobic digester operation showed a bias toward underestimation of relative abundance when transcripts were used for quantitative hybridization. Figure 5 illustrates the relationship between normalized hybridization responses obtained with transcript MPOB rRNA standards (y-axis) and native MPOB rRNA standards (x-axis) for probes S-S-S.fum-0464-a-A-19 and S-D-Bact-0338-a-A-18. If the standard curves constructed with transcript rRNA had behaved the same as those constructed with native rRNA, the slopes and intercepts of the linear regressions in Fig. 5 should have been equal to 1.0 and 0.0, respectively. However, the two slopes calculated using results obtained with probes S-S-S.fum-0464-a-A-19 and S-D-Bact-0338-a-A-18 were significantly less than 1.0 (Fig. 5) . In addition, the values for the slopes were nearly identical. This result was unexpected given that the discrepancies in signal obtained with transcript versus native rRNA, relative to the response from S-*-Univ-1390-a-A-18, were shown to be different for these two probes (Table 1) . It is not clear if the linear relationship in Fig. 5 is similarly conserved for all probes. Further investigation is necessary to determine whether the bias created by using transcript rRNA as a standard is predictable.
Polz and Cavanaugh [25] performed similar experiments to evaluate the relative abundance of Vibrio anguillarum in artificially constructed communities. Probe S-DBact-0338-a-A-18 was used to normalize specific probe signals in that study, compared to S-*-Univ-1390-a-A-18 in this study. A bias was observed resulting in an overestimation of target abundance when transcripts were used as standards but it was determined that the bias was not statistically significant [25] . The high variability associated with the relative hybridization signals (coefficients of variation ranged from 20% to 70%) may explain the statistical insignificance of the bias. If variability is ignored, the average relative abundances reported by Polz and Cavanaugh [25] can be used to show that the use of transcript resulted in a 54% overestimation of V. anguillarum abundance in an artificial community containing low levels of this target organism. In this study, a similar bias was observed toward overestimation when using S-D-Bact-0338-a-A-18 to compute relative abundance in communities with low levels of target (below 2% of total SSU rRNA) and high levels of Bacteria (above 70% of total SSU rRNA), though differences were also often not statistically significant (data not shown). A plot of tran- Fig. 5 . Linear relationship between percent abundances in 38 anaerobic digester samples, calculated with transcript rRNA standards (y-axis) and native rRNA standards (x-axis). Percent abundances were calculated as described in Table 1. script-derived percent abundance (% of Bacteria) versus that derived from native rRNA, for the same 38 samples shown in Fig. 5 , resulted in a linear regression with a slope of 1.167 and an intercept of −0.048 (R 2 = 0.974). This further supports the hypothesis that structural differences between native and transcript rRNA affect the binding of probes in various regions, and indicates that the 1390 site on the SSU rRNA molecule is not the sole cause of the discrepancies discussed above. However, the nature of these structural differences remains undetermined. Transcripts were successfully used as rRNA standards to monitor microbial population dynamics in anaerobic digesters [21, 22] . Although the exact quantification of relative abundance was not possible using transcripts, it was possible to observe changes in community structure over time, and to make comparisons between systems operated under various conditions. Figure 6 illustrates both the usefulness and limitations of transcripts used as rRNA standards.
Conclusions
The results presented here indicate that in vitro-transcribed rRNA should be used as a standard only with the understanding that it may not be possible to obtain truly quantitative results. Although differences between signals obtained with native rRNA and transcript are not always statistically significant [25] , the results obtained with environmental samples document a consistent bias. The bias varies in magnitude, depending on which specific probe and which universal probe (e.g., S-*-Univ-1390-a-A-18 or S-D-Bact-0338-a-A-18) are used. The direction of bias (toward overestimation or underestimation) appears to depend primarily on which universal probe is used to normalize the specific probe results (the use of general probes other than S-*-Univ-1390-a-A-18 and S-D-Bact-0338-a-A-18 was not explored). Regardless of the molecular mechanisms responsible for the biases discussed above, any estimates of abundance determined using transcripts should be viewed as only semiquantitative. These conclusions become particularly relevant, since quantitative hybridization results are being used to calibrate and validate mathematical models describing microbial population dynamics [23b] . It is important to point out, however, that estimates of abundance determined using transcripts are reasonable when compared to estimates obtained with other well-accepted techniques in microbial ecology.
In conclusion, in vitro-transcribed rRNA allows the accurate determination of T d values and can be used to monitor trends in population abundance either over time or between various systems. Additional work is necessary to elucidate the molecular mechanisms behind the behavior of transcripts during quantitative hybridizations, and to explain the discrepancies observed here. 
